In Bangladesh the exposure of millions of inhabitants to water from (shallow) tube wells contaminated with high geogenic loads of arsenic is a major concern. As an alternative to the costly drilling of deep wells, the return to the use of surface water as a source of drinking water is considered. In addition to the well-known hazards of water borne infectious diseases associated with the use of surface water, recently the potential public health implications of toxic cyanobacteria have been recognized. As a first step towards a risk assessment for cyanotoxins in MCYST-LR can be frequently detected in Bangladesh ponds. Thus, an increasing use of surface water for human consumption introduces a risk of replacing one health hazard by another and therefore needs to be accompanied by cyanotoxin hazard assessments.
INTRODUCTION
In Bangladesh surface water has traditionally been the main source of drinking water, but an increasing population density and a lack of adequate sanitation has led to severe microbial contamination of surface water causing disease and mortality, notoriously by infections with Vibrio cholerae. In the 1970 s the use of groundwater for human consumption was propagated to overcome this problem and in the following decade tube wells, small-diameter cased wells fitted with a cast iron suction hand pump, were installed all over the country (Briscoe 1978) . Although the exact number of tube wells is uncertain, estimates are in the region of 10 million, of which some 1.3 million were constructed as public supplies (Smith et al. 2000) . However, in 1993, high levels of arsenic were found in drinking water from tube wells. The presence of arsenic appears to be linked in particular to the age of the aquifer from which water is abstracted; Holocene alluvial aquifers are principally affected (Ahmed 2002) .
that water from shallow tube wells is unsuitable for human consumption in large areas. Water supply is -and will beextremely decentralized in Bangladesh prohibiting the application of central water treatment procedures that could be applied in more developed regions. There are a number of alternatives to (shallow) tube wells including the costly drilling of deep wells, a return to the use of surface water, utilisation of rainwater and arsenic removal. The draft national policy on arsenic mitigation states a preference for the use of surface water over groundwater, although this does not necessarily take into account the potential risks of using surface water.
Different from pathogens such as V. cholerae, toxic cyanobacteria have been recognized only recently as a potential health hazard in surface waters used as a drinking water source. The type of toxin most frequently found in freshwater are microcystins (MCYST), hepatotoxic cyclic peptides produced by different genera of cyanobacteria such as Microcystis, Nostoc, Anabaena and Planktothrix/Oscillatoria, which frequently occur in dense water blooms in nutrient rich water bodies. In all potentially toxigenic taxa both microcystin-producing and non-microcystin-producing species/genotypes exist (Sivonen & Jones 1999) . Microcystins have been detected in a great number of water samples from nearly every region on Earth and thus can be expected wherever blooms of cyanobacteria occur in surface waters (summarized, e.g. in Sivonen & Jones 1999) . These toxins are usually found largely bound within the cells, whereas extracellular concentrations typically are low unless sudden and massive cell death leads to their lysis and toxin release (Welker et al. 2001) .
In high doses, microcystins lead to acute liver failure due to the disruption of hepatocyte cytoskeletal components.
Lethal doses (LD 50 ) of microcystins vary between their structural variants (some 90 have been described so far) and range from 100 to 600 mg kg 21 bodyweight when applied by intraperitoneal injection, but are a factor of 10-100 higher by oral uptake (summarized by e.g. Dawson 1998; Sivonen & Jones 1999) . Acute toxicity is therefore expected only under circumstances of heavy surface bloom formation and a direct uptake of water from such surface blooms, particularly when cells accumulate along shorelines by up to a factor of 1,000 more compared to the open water (Fastner et al. 1999a; Welker et al. 2003) . Otherwise, the biomass of potentially toxigenic cyanobacteria in a well-mixed water body is generally limited to values that cannot lead to sufficiently high microcystin concentrations to cause acute toxicity after accidental uptake or consumption of water from respective sources. However, concentrations are frequently found in ranges that are chronically hazardous, including the promotion of tumours. A (provisional) WHO guideline (1998) has been developed with regard to chronic effects and proposes a maximally tolerable concentration of 1 mgl 21 microcystin-LR equivalents (microcystin-LR being the most toxic and one of the most abundant structural variants) for long-term exposure. Concentrations above this value can be encountered frequently in cyanobacteria-dominated water bodies (Sivonen & Jones 1999) .
One of the few epidemiological studies available so far
showed that in rural areas in China the rate of primary liver cancer was significantly higher in communities that received their drinking water from surface water infested with toxic cyanobacteria compared with communities consuming well water (Yu 1995; Kuiper-Goodman et al. 1999) . However, in addition to toxic cyanobacteria the endemic rate of hepatitis B during the study period was high in China. Outbreaks of cyanotoxin-related diseases associated with the distribution of contaminated drinking water have been reported from several countries, particularly from Australia and Brazil (Falconer et al. 1983; Jochimsen et al. 1998; Kuiper-Goodman et al. 1999) .
Microcystins (and other cyanotoxins) constitute a new challenge to water treatment technology (Hrudey et al. 1999) . Microcystins are quite stable with respect to chemical and biological degradation. Thermal destruction occurs only at temperatures above 1208C thus making microcystins insensitive to boiling, the treatment most people use to render water safe for drinking. Biological degradation is believed to occur with most bacterial consortia (e.g. biofilms), but after a lag-phase ranging between days and weeks after release of the toxin from the cells (Welker et al. 2001) . As microcystins largely occur cell-bound, they are effectively removed by filtration of intact cells with filter maintenance regimes that avoid cell rupture and lysis on the filters, which otherwise can cause microcystin release and breakthrough.
In Bangladesh, the main natural surface waters are rivers -the Padma (Ganges) and Jamuna (Brahmaputhra) being the largest ones -which are divided into many arms and connected to each other either naturally or by man-made channels. Natural standing waters are rare, but man-made ponds are one of the main characteristics of rural Bangladesh.
In 
Microcystin analysis
The dried filters were extracted thrice by sonication with 1.5 ml 70% methanol. Combined supernatants were completely dried in an evaporator and stored dry at 2208C until analysed by high-performance liquid chromatography (HPLC). Dry samples were resolved in 300 ml of 50% identified by their UV-spectra and quantified as MCYST-LR equivalents. Several fractions with microcystins were collected and analysed further by MALDI-TOF mass spectrometry as described in detail previously (Fastner et al. 1999b; Welker et al. 2002) .
The extraction method has been tested previously and has been shown to be efficient to allow detection and quantification of microcystins well below the critical value of 1 mg l 21 .
RESULTS

Phytoplankton abundance
The filaments.
Occurrence of microcystins
The results of HPLC analyses of seston samples are compiled in Table 1 . The structure of microcystins I to V could not be determined unambiguously.
Microcystin occurrence in relation to dominant cyanobacterial taxa
Microcystis could be clearly identified as the main microcystin-producing cyanobacterial genus in Bangladesh ponds. Concentrations were high in some almost monospecific blooms of this taxon, and the structural microcystin variants that dominated in all samples were MCYST-RR, -YR and -LR (Figure 2) , the same major variants found in most samples from Microcystis-dominated water bodies in temperate and subtropical latitudes (e.g. Henriksen 1996; Park et al. 1998; Fastner et al. 1999b) . While MCYST-RR is less toxic, the toxicity of MCYST-YR is equal to that of MCYST-LR (Sivonen & Jones 1999) . Previous studies in
Bangladesh also determined MCYST-RR, -YR, -LR and -LA as major microcystins in blooms of M. aeruginosa, but similar to our findings not all Microcystis blooms were found to contain microcystins (Affan et al. 2002; Ahmed et al. 2002) . Indeed, in the ponds with the highest 
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